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(Key wordr : Spark rource urr  r p e c t r m e t r y ;  Relative r e n s i t i v i t y  

factorr(RSFr)  ;Lanth.nider;Compuktion of RSFr) 

K.L.Ramkumar, S.I.Aggarwa1, V.D.Kavi..ndan, P.II.Shah, V.A.RUuL, 

R a d i o c h a i r t r y  Divirion, Bhrbha Atomic Rerearch Centre I Tr0mb.y , 
V . L . 8 . n t ,  P.A.RaMrubrurnian and B.C.Jain 

B0rb.y 400 085 India  

Relative S e n r i t i v i t y  Frctorr(RSF6)for t h e  rare e a r t h  elmentr 
Ce,Nd,Sm,Eu,Gd,Dy,Er, and Lu have been determined in U,O,-graphite .ad 

pure g r a p h i t e  v t r icer  under rimilar experimental condi t ion6 employing 

Spark Source llrrr S p r c t r a e t r y ( S S n S )  with electrical d e t e c t i o n  r y r t b .  

in vgaetic p a k  rwitching mode. The RSP valuer d i f f e r  very much when 

t h e  u t r ix  elment(uranium in U30,-graphite r y r t w  or carbon in pure 

graphi te )  i r  the re ference ,  But they ahow very good agreement when Er, 

one of t h e  rare e a r t h  elements i r  chosen a8 internal rtandard.The 

literature dat. on RSF valuer f o r  t h e  rare e a r t h  element8 i n  a6 

uell an A 1  utr icer  are compared with t h o r e  obtained i n  t h e  p r e r e n t  

work. An at tempt  har  been u d e  t o  explain t h e  similar t rend  in t h e  RSP 

T,O, 
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5 12 RAMAKUMAR ET AL. 

valuer in all there utricer in t e r u  of the decomporition pattern of 

the rare earth oxider. An empirical equation relating the RSFr with 

the decomporition energier of the lanthanide serquioxider and 

monorider hrr been ohown to be ureful in computing the RSFr for the 

lanthanider in variour utricer. 

The quantification of mearurementr in Spark Source WIsr 

Sprctroutry(SSW8) involver the d O t e d M t i O n  of Relative senritivity 

1actorr (RSPr) which depend on the trace conrtitueat,the utrix and 
the 8puking conditionr ar well ar the detection r y r t w  employed. The 

R8?8 for the rare earth element0 Ce,Nd,Sm,Eu,Gd,Dy,Er,Md LU in 

O,O,,tha rtarting uterial for the nuclear fuelr have been reported 

from thir laboratory"). High purity graphite powder has been ured a8 

conducting material for U30, rparking. In view of the low 

rpecification limit8 for there elements in uranium oxide it ir 
rrrential to correct for the blank contribution from graphite. 

Norrover graphite itself is an aportant material in nuclear 

technology ar it is used as neutron rt'lector in nuclear reactors.It'r 

purity with rerpect to neutron abrorblig materials should therefore be 

ertablisnrd. It wan therefore conridored worthwhile to determine the 

lSIi for the rare earth elements in graphite matrix. 

This paper gives the details of the experiaental work and 
c o w r e r  the RSPr obtained in graphite matrix with thore in U30,- 

d5) mtricer. Such a comparison of RSFs has been reported in the 
care of other e l ~ m n t r ' ~ ) ,  but no such thing ir .known to have been 

done for rare earth eleasntr 80 tar. Comparing HSFr in different 

utricer ir helpful in deducing empirical relationrhipr for computing 
MFr which is ureful in the event of nonavailrbility of reference 

rt.ndardr for trace conrtituentr erpecially in nuclear uterials. 

graphite ryrtem('), urmyl nitrate"), ar well as in Y z 0 3  ( 3 4 4 )  and 
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RELATIVE SENSITIVITY FACTORS 513 

EXPfEllWIAL 

AReuAUu 
The instrument used .n the present work was a JEOL JHS 010M-.! 

double focusing mass spectrometer with Nattauch-Herzog geometry. The 

details cf the instrument have been described earlier . (1) 

of 

The procedure adopted for the preparation of UjOg synthetic 

samples containing known amounts of rare earth elements is described 

elsewheref1). For the preparation of graphite synthetic samples the 

following procedure was adopted A known amount of high purity 

graphite was wetted with sufficient amotint of acetone. Known amount or 

a grand mixture of rare earrh nitrate in which the concentrdtiwi of 

arch rare earth element was known was then added into graphite. The 

iixture was swirled and then subjected to ultrasonics for 30 .in. Then 

icetone was evaporated gently by passing hot air aver gxaphite. Final 

drying was carefully done under infrared lamp. The powder was ground 

and W e n  for electrode preparation. 

The synthetic samples were directly molded i n  the for. of 

electrodes using a hydraulic press at a pressure of l10Kg/Cn2 for 

about 20 minutes. After fixing the electrodes in the ion source, the 

r u p l e  poritioning jig wae used to allign the electrode gap in the 

line of the acceleration slit. Final adjustment of the configuration 

for the ..ximum ion transmisrion was carried out by alligning the 

electrode gap,the acceleration slit and the main elit along the ion 

optics geometry. The electrodes were presparkcd for about 5 minutes to 

remove any surface contaminants. The experimental conditions are 

ruvrrirad in Table 1. 
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5 14 R A M A K W  ET AL. 

T U L E  1 .  Sparking condi t ions employed in t h e  experiments 
I I 1 
I Power Amplifier Anode Voltage I 2 . 5  K.V 1 

I I 
Pulse width I 20 US I 

1 I 
1 KUz. I 

I 
I Pulse r e p e t i t i o n  frequency I 
I I I 

I 25 K.V I Acceleration vol tage I 
1 I 

1 

I E l e c t r o s t a t i c  f ield I 2 . 5  K . V  I 

Wain sl i t  
i 
I 
I 
I a and 8 sli ts  

I 1 
I 200  urn. I 
I I 
I 1 . 5  u. I 
I I 

I Col lector  s l i t  I 200 0 8 .  I 
I 

- 

Electrical de tec t ion  ryrtem i n  peak switching mode war employed and 
the rare earth i so topes  monitered were 1 b 0  Ce, 1 b 3  Nd, "'S., 's2S., 

1 6 0  1 6 3  166 1s3Su, Gd, Dy, Er, '"Lu, and "C. The ion cur ren ts  

correrponding t o  there i ro toper  were in tegra ted  i n  d i f f e r e n t  chrnnelr  

keeping a p r e i e t  value (0 .3  or 1 nC)for t h e  t o t a l  ion  monitor. Time 

W e n  f o r  each i n t e g r a t i o n  waa about 15 to  20 secondr. The 

concentrat ion o t  t h e  trace c o n r t i t u e n t  was d i r e c t l y  obtained i n  ppmu 

on a WP 9815-S desk-top c a l c u l a t o r .  

R € s l L r s m m  
Ptaclrlon 

The RSFr f o r  t h e  rare e a r t h  elementr i n  U,O,-graphite syrtem as 

well aa i n  pu re  graphi te  .atricer with respect t o  t h e  corferponding 

matrix elcment(U i n  U,O,-graphite system or C i n  pure g r a p h i t e )  as 

reference are shown i n  Table 2 .  

An overall prec i r ion  of about lo\ wa8 obtained i n  UJO, wherrar it war 

.bout 17\ i n  t h e  cam of graphi te  matrix. I t  m y  be mentioned t h a t  

while preparing tho UIO, rup les ,  t h e  ' solut ion route' namely t h e  

mixing o! l m t h a n i d e r  takan in n i t r i c  acid with uranyl n i t r a t e  

r o l u t i o n  and convi r t ing  i n t o  oxider by ca lc ina t ion  war adopted. T h i s  

rthod har been rhown t o  be t h e  bes t  and capable of giving 
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RELATIVE SENSITIVITY FACTORS 5 15 

TABLE 2. RSFs for rare earth elements in 0 0 and graphite matrices. 
matrix element is refeteice. 

El omen t i ulo,-graphite i Pure graphite i 
i 1.5320.13' i 8.1521.30' 1 

I I 
I 12.1021.22 1 

I 
I 1.7220.21 I Nd 

I I I I 
I 1.90k0.26 1 12.3721.85 I 

I 1 
1 12.6322.86 I 

I I 1.93k0.28 I Eu 
I I 
1 9.23k1.09 1 

I 
I 1.4220.03 

I 
I M  

I I 
11.6322.03 I 

I 
I 1.64t0.07 

I 
I I 
I ii.oi+i.ai i 

I 
I 1.5420.12 
I I I 

I ce 

I S. 

I Dy 

I L Lu I 1.36k0.06 I 7.8921.86 I 

Indicates standard deviation at 10(67\ contidencelleve1 
1 1 I 

reproducilibility of about 7\('). As regards to graphite, because of 

it'r inrolubility, semi dry blending method war adopted. This method 

of preparation of suples is expected to give reproducibilities of 

about 2O\( ' ) .  A8 the experimental conditions during the SSMS analysis 

in both the sarples were maintained identical, the large imprecision 

in RSFs in graphite matrix may therefore be attributed to the 

liaitations in the preparation of homogeneous smpler. 

for the 

Once the RSP values for the desired elements are known in U308 as 

well aa in graphite ~ t r i c e s ,  the correction for the blank 

contribution from graphite is effected as follows: 

Let 1" be the concentration of a trace conrtituent 'I, per gram of 

U i n  O,O, and TC be it's concentration in graphite. If x g of U30, and 

y 9 of graphite are mixed for SSWS analysis, then the total mount of 

the trace constituent T in the resulting mixture is given by 

( 1 )  total mount - 0.848x.Tu+y.Tc ----..-- 

The factor 0.048 is introduced to convert the weight of U30, taken to 

that of uraniua. Dividing through out by 0 . 8 4 8 ~ ~  we get 
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RAMAKUMAR ET AL. 5 16 

(T(total))U :c = T +y.T /0.848x -------------(2) 
3 8  

Where the term on the left hand side of the equation is the total 

concentration of T per g. of U in U 0 :C system using U as the 

reference. If T:bs is the observed concentration of the trace 

constituent in U 1 0 8 : C  and T:wis the corresponding quantity in pure 

qraphite, (RSF); is the RSF of T with respect to U and (RSF): is the 

RSF with respect to C , it follows that 

3 8  

TC - (Tibs /RSFlC C 
Substituting these values in eqn.(2) the true concentration of the 

trace constituent 1, corrected for blank 

( 3 )  Tu - (TObs /RSFlU ,C-~/0.848~(Tgbs /RSFlCc - - - -_- 
3 8  

Thus it is seen that the extent of blank correction depends on 

the weight ratios of U108 and graphite taken for electrode preparation 

and also on the RSF value of the trace constituent in both the 

matrices. N o r ~ l l y  spec pure graphite (concentration of the trace 

elements present is less than 0.1 ppmwlis taken for mixing with 

U1O,,then blank correction becomes siqnificanc only if the trace 

constituent present in U,O,is less than 0.1 ppmw in which case the 

correction comes to greater than lo\. 

of the RSF u s  for lenthanldes in 

From the table 2 it is apparent that when the matrix elenent is 

the reference,the RSF values are different. The values in graphite 
aatrix are Uy a factor of b to 8 larger than those iti U,Oa matrix. 

kith a view to understanding this large difference in the RSF values 

for lanthanides in U301 and graphite , individual contributions of the 
isotopes "C .ind 2 ' 5 U  to the total ionic charge were monitored. Thouqh 
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RELATIVE SENSITIVITY FACTORS 517 

the atomic concentration of carbon was about 23 times more than that 

of uranium( for a 1 : l  mixture by weight of U30B and 

graphite),experimentilly it was found that the contribution from 

carbon ions to the total ion charge was only 4 timts largei. The 

concentration of a trace constituerlt T when calculated is given by 

(IU/'TIM+ 0.72 - (At.Wt) 
( 4 )  T, =--- 

Y Atom k 238.03 

where y is the (IM/l'IN) value for 2 3 5 U ,  0.72 is the aton % abundance 

of 2 3 5 U  and 238.03 is the the atomic weight of uranium. The 

concsntratiori of the trace constituent with respect to carbon becomes 

since (IN/TIII) for  carbon i e  four tines that of (IM/TfII) for 2 3 5 u .  

From the equatiorls 4 and 5 it follows that 

TC = 1 T u  
showing the large influence of the matrix element on the concentration 

of the trace constituent The difference in the (XM/TIM) values f o r  

C and 2 3 5 U  can be explained in terms of the difference in the energy 1 3  

distributions for bcth uranium and carbon ions in the rf spark source 

Further,in doilbla fCJCusln9 instruments d certain energy pass band i n  

the ion bedn is selected and ions having the energy distribution in 

this pas8 band only are allowed to pass into the analyser. For any 

given ion species,the fraction passing into the analyser depends on 

the shape of the energy distributiop curve and the location of it's 

M x i m a  with respect to the energy pass band. The maxima of energy 

dirtribution uranium and carbon ion8 may not be the 8ame and that 

oS carbon may have been removed farther away from the energy pass 

band. Hence different fractions cf these ions may be available in the 

in 
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5 18 RAMAKUMAR ET AL. 

energy pass band selected. This dependence of the sncrgy distribution 
( 8 )  on the I/L of the element has al.ro been observed hy Van Roye etal. 

and Vos eta1 (') Van Boye eta], ( lO)al .ao obmrvcd a rather large RSF 

value of 6 tor lanthanum in eteel with rerpect t o  the aatria element 

iron. In addition to the different energy distributions in the case of 
uranium and crrbon, the tendency of carbon t o  form carton clueterrr 

o v a  upto CIO,rerults in the decrease of C ion intensity in the rf- 

spark leading to a reduction in (Xbl/TIMI value when cmparcd with that 

of uraniua. Hovevet,ootwithatanding the ditference,thc sane trend in 

the RSF values in both the ratrice8 icdicate that similar evaparatioc 

and ionisation processes of the lanthanides under the experime~thl 

conditions are occurring in all the setricss. 

With Er as internal standard'"), the large difference in the RSF 

values vanishee ari is ieen from table 3 .  With a view to comparing the 

RSF values obtained in t.he present work with thcre available in 

literature, the RSF value8 reported by Carter etc?(2)in uranyl 

nitrate,Sasaaoto etal. (3)and Griffith etal. (4)ir. Y I O ,  matria and by 

Vrnpuymbr~ect.(~)in AI. matrix are given in the m m e  table. The 

difference > n  the RSF values EPJ be attribiited to differect sparking 

conditions eaployed and the detecticc .yeten@ tined. It m y  be noted 

that the lanthanides arc preteat :I orides in 11.0 anc! Y z C j  rotrice2 
while they are nitrates in uranyl nitrate, graphite and A1 matrices. 

luong these only Carter's data show a different trend in RSF values. 

Figure 1 gives a graphical representation of the RSF values obtained 

in the present work as well as by others. 

t 

J 8  

An attempt was made to understand the difference in the trend of 

RSF values between the present work and that of Carter etal in terms 

of the vaporisation processes in the case of oxides and nitrates. 

vhile discussing the RSFs for rare earth elements in U,Os,theec 

ruthorr reported ( ' I  that the behaviour of rare earth elements can be 

e I P h h G d  interms of the decomposition energies of the sesqui-oxides 

or bond dissociation energies of the monoxides. Hence both in U,08 and 
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RELATIVE SENSITIVITY FACTORS 5 19 

TABLE 3. Relative sensitivity factors for  the rare earth elements with 
Er as internal standard. 

t I 1 I I I I 1 

Uranyl Y 0 I Y O3 I A 1  I I Element I Graphite1 U 0 -C 
, prosent,wofk' !(2)nitrate! (31' ! ( 4 )  ! (5) I 

0.74 I 0.99 I 0 .96 I 0.70 I 0.52 I 0.96 I 
I I I I I I 

Icd 1 1.10 } 1.121 1.05 1 1.631 1.08 10.94 I 
I I I I I I I 
I 1.13 I 1.23 I 1.03 I 1.74 1 1.43 I 1.00 1 

t 
I 1 I I I I 

2.16 I 1.63 I 1.16 I I 
I Eu I 

I I I I I I I 
I 1.16 I 1.10 I 0.97 I 

I 
I I I I I I 

1 1.00 I 1 . 0 0  1 1.00 I 1.00 I 1.00 I 1.00 I 
I I I I I I 

1 0.83 I 0.79 I 0.84 I 

1 I I I I I I I 

\ I 1 I I I 1 

1.26 I 
I I Gd I 0.84 

1.06 I -- I Dy 

I Lu I 0.72 I 0.88 I - -  
I ! I I 1 I I 

i 
* Suspected contamination from oxides of La and Ce 

T 2 0 3  matrices the trend in RSFs is same. As regards to the nitrates it 

was reported ' 1 2 - 1 4 )  that these nitxates decompose at relatively low 

temperatures aa follows: 

The step1 proceeds at a low temperature of about 70'C.while the second 

rtep occures at about 500'C. Even uranyl nitrate decomposes to U 3 0 ,  at 

this temperetcre Hence the formation of the metal ion in again from 

the deconposition a t  the nrta! oxide. It is therefore expected tkat 

the trend ir. RSFs should be same irrespective of nitrete or oxide 

matrix. It is indeed so in the ca% of A 1  and graphite nattices a# 

rcen frnn Figure 1 .  The deviation ?.r! Carter'? data i!! ~ A I J F  diff?cu!t 

to explain. 

of Pa;. 
the use of calculated RSF V ~ I J ~ S  assme importance when no 

ratereace materials are available for calibration. Thir i?r more so in 
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520 RAMAKUMAR ET AL. 

U30s PRESENT WORK 

W GRAPHITE PRESENT WORK 

a-a Y203 SASAMOTO e t .a l .  

)-* Y 2 0 3  GRlFFlTH et. a l .  

13-0 URANYL NITRATE CARTER ct.al .  

AL. VANPUYMBROECK 

La Cc Pr Nd Pm Sm Eu Gd Tb  Dy Ho Er Tm Yb Lu 

ELEMENT 

FIG.-  1 , RELATIVE SENSITIVITY FACTORS FOR LANTHANIDES 
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RELATIVE SENSITIVITY FACTORS 521 

the case of plutonium bearing meteriala. A number of empirical 

equations relatiag RSF. with physical and cheaical properties such as 

ionisation potentials,melt:ng and hciling points. ionisatim cross 

rection8,covalent radii etc.of the elements have been put forward in 

literature('5). Wjority of these equations are applicable only to 

metallic mpuritieo preyent in the form of eleaents In the natrix . In 
the present work however the lanthanides were taken as oxides or 

nitrates. Hence the above parameters cannot be used for conputinq the 

RSP values. 

It was seen edrlicr that the decomposltion energies of 

sesquioxides and bond dissoc!ation energies of the nonox-des of thtt 

lanthanides explained welt the trend observed in the experimentally 
deterained RSF values. It was therefore thought mrthwhile to use 

these themodynamic data for calculating the RSF values using an 

empirical equation involving the decomposition energy of the 

serqui'oxide or the bond dissociation rrlergy of the monoxide. 

Let T,,be the concentration of a lanthanide. As the production 

of the metal ion is dependent on the decomposition energy of the 

lanthanide oxides, the relative concentration of the lanthanide with 

respect to the oatriA eleacnt can be expressed as a function of the 

decomposition energy of i t ' a  sesquioxide D o ( H z 0 3 )  
TH u (DoLM2O3J1 b 

*rH - & ( u , ( N ~ o , ) )  b 
or 

( 6 )  

where a is a proportionality constant depending on the properties o t  

the matrix A similar equation can be written for the 

interaal rrtandard Er 

----- 

( 7 )  

rince both the elements are being determined in the s a m  matrix. 

----_- IEr a'(DO~Er,O,) b 

a*' 

Prom equations ( 6 )  and (7) we have 

( 8 1  _---_ Tu/TEr = Po (U20J 1 b /D, (Er,O, 1 b 
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522 RAMAKuMAR ET AL. 

The left h i d  s i d e  of t h e  equation ( 8 )  i r  t h e  RSF value f o r  the  

lanthanida t r a c e  cuu t i tuen t  N u i t h  re rpec t  to  Er i n t e r n a l  s tandard.  

Thue it  can be seen t h a t  t h e  RSI values can be expressed a s  a tunct ion 

o t  t h e  icrtis u;: the  decomposition energier  of the  lanthanide 

s c s q u i o x i d e ~ .  A similar equhtion can ba wr i t ten  using the  bond 

d isscc ia t io i ,  ci,ergies of t t i  iai.ClianLde aonoxider 

( 9 )  Tn/TEr D,(n-O)  b /Do(Er-O)  b 

Tho RSP valuer  were therefore  computed ur ing equationr ( 8 )  and ( 9 )  for 

d i f t e r o n t  values of t h e  Slope b. Table 4 giver  t h e  r a t i o s  of t h e  

decoapori t ion energier  of the  rerquioxider  for b - 2 ,  - 1 . 5  , - 1  , 1 

urd 2.  The boat agreement botween the  experimental and computed RSF 

valuor  war obtained for t h e  value of tho r lope  b -1. Table 5 conparer 

the experimentally detemirred RSF v d u e s  tor 1nnth.rnidns i n  U,O, ar 
uol l  ar i r r  g raphi te  n r t r i c e s  obtdliied i r r  the preauiit hwautigatiunr 

and also an Y203 and A 1  M t t i C d S  ava i lab le  i n  literlrtura with tho 

ca lcu la tod  RSF valuer .  I t  is eeen t h a t  the  computed RSFr a r e  within 

201 of the expsr inenta l  RSFa i.n dl1 the  taatricen except t x  Nd,S. and 

tu ?n YzO, determined by Saaamoto e t r l .  I t  i s  uorth nent ionin j  t h a t  

the RSI valuor uero determtued in t h e  preront  i n v e r t i g a t i o n r  employing 

IEb ryrtem i n  u g n o t i c  peak switching d o  and aro i n  b e t t o r  agreement 

u i t h  t h e  computod RSF valilai than those obtained in the cam of Yi03 

rad A 1  u t r i c e e  where photo p l a t a  de tec t ion  s y r t a a  uas employad. I t  

rhould bo noted t h a t  t h e  RSF valuer determined by using ED ryrtem 

unl ike the  photo p l a t e  de tec t ion  system do not  requiro the  cor rec t ion  

tactorr t o  account for tho  background fog, mar depondent emulsion 

s e n s i t i v i t y  aird the litre width. I t  n a y  be axpactrtd therefore  t h r t  t h e  

evaporation and ion isa t ion  prxesfias occurring i n  t h e  r f - rpark  eource 

are m i n l y  reeponnibla for t h e  RSF vduea.  It i s  f d r t h s r  confiraed by 

tho very good agreement u o n g  t h e  RSF valuer i n  two d i f f e r e n t  u t r i ce r  

U,O, and graphi te  unl ike two sets of d i f f e r e n t  valuer  obtained i n  Y,O, 

u t r i r  &a seen from t a b l e  5 .  

----- 
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i b=-1 b-1 

I 0.92 1.09 
I 
I 1.04 0.96 

' 1 * 1 4  I o*88  
1.21 0.19 

0.91 1.03 

1.03 0.97 

1.00 1.00 

0.93 1.08 

523 

b-2 

1.19 

0.93 

0. 77 

0.62 

1.01 

0.94 

1.00 

1.11 

TULE 4. Computed RSF valuer for lanthanider uring equation 8 for the 

VaIiOU8 Valuer Of 810pe b. Decomporition energy Of 808qUi oxidea urad 

1.23 I 1.13 

1.26 I 1.15 

0.91 0.84 

1.06 1.06 

1.00 1.00 

Computed 
Elment 

1.30 

Eu 1.60 

Gd 0.94 

1.06 

LU 0.86 I 

LSF value 

b--1.5 

0.88 

1.05 

1.21 

1.42 

0.95 

1.04 

1 .oo 
0.89 

TABLE 5 .  Experimental and computed RSF valuer for lanthanider 

(Er as internal rtandard) 
I I I Computed RSF values 

for b--1 from 1 I""'"" 
prerent work 

i 0.99 i 0.74 
i co 
I md I 1.12 I 1.10 

s. 
Eu 

Gd 

DY 

sr 
LU 

- 
'2 '3 
ref 
3 

0.10 

1.63 

1.14 

2.16 

1.10 

1.16 

1.30 

0.83 

- 
'2 '3 
ref 

4 

0.52 

1.08 

1.43 

1.63 

0.85 

1.10 

1 .oo 
0.79 

- 

- 
A1 
ref 
5 

0.96 

0.94 

1 .oa 
1.16 

1.50 

0.91 

1 .oo 
0.84 

Dp(M203)  1 D,(M-O) 

0.92 I 0.80 

1.04 I 0.81 

1.14 1 :::: 
1.21 

0.97 

1.03 1 i:f 
1 .00 

0.92 I 0.85 

1 

1 
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524 RAMAKUMAR ET AL. 

With Er as internal standard, the computed RSF values for 

lanthanides can therefore be used to determine the coilcentration of 

these elements in other natrices particularly in plutonium bearing 

fuel uterials in view of the nonavailability of trace constituent 

rtandardr for these materials. 

the consistency in the RSF vcllues for lanthanides in vurioua 

utricer determined cnploying different experimental conditions and 

detection systems hut clearly brought about the importance of 

relecting proper internal standard so as to make the RSF values 

inrenritive to all these parameters. 

The authors are grateful to Dr .M.V.Ramrniah, Director, 

Radiological Group and Dr.P.R.Natarajan, Head, Radiochewistry Division 

for their keen interest and constant encouragenent. 
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